LU I A

2010 42 2 A

2L 2L
F OF

XEHE: 0253-2239(2010)02-0590-07

i
ACTA OPTICA SINICA

February, 2010

HeFHER B e Pl i v

R AN RER EEY IRY

MAG A Hy 560 7E UL K 1053 nm [fE AR /N T 20 nm (945 55 50 B L IR IR BEAY p YR G E R, <<2% .s e R 4t
1.35%.,

CRFRFEWIA, Ll 2000927 WL Tk K% Z LB A2 2 Wil AT 310024)
HR.>>99.5% G (T, /T)>200., ff BERFE M 07 25 R R W A8 AT i il 53738 K 2= 59° i 5 72 o o 94 i 9 J5E

WE I (needle) B AL A , 43 501 LA b A ] J58 B2 B4 5 37 S50 3R 8 J2 5 Ol 400 B 65 28 380 A58 31 7 7 A i B
1 G2 1 BB 38 05 e BT R (B AR A A I A K T I R A T RS, AR TR K. MIBR AR Y B E 0. A E
J2 FEEJEL R 22 0 57 A W 4 O SR B IR AR R T 90 Y0, U0 VR Al R B 1 B R A TR TSR AR A R 22 43 ) SR 1. 20 %6 Al
KEEW WO FRAR IR BT 6 B 22 00
HESES 0484 XERFRIZES A

doi: 10.3788/A0S20103002. 0590
Chen Naibo'*?

Thin-Film Polarizers Designed by the Needle Method
Wu Yonggang' Lin Leijie!
Abstract

Jiao Hongfei'
' Department of Physics, Tongji University, Shanghai 200092, China

Wang Zhenhua'

2 Department of Science, Zhijiang College, Zhejiang University of Technology ,
Hangzhow , Zhejiang 310024, China

Thin-film polarizers were designed by the needle optimization technique. Two single high-index-layer
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coatings with the difference in layer thickness were used as the starting designs. At 56° incident angle, the spectral
bandwidths of the polarizers are determined by the polarization region not less than 20 nm near 1053 nm, where the
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reflectance of p polarization is less than 2% and the reflectance of s polarization is greater than 99.5% , and the
=]

extinction ratio ( T,/ T ) is larger than 200. With the incident angle increasing from 53° to 59°. the spectral
characteristics of the two polarizers meet the design requirements although the polarization regions are enlarged and
hypsochromically shifted. The tolerances of the thicknesses of the layers uncorrelated are analyzed by the Monte
Carlo analysis. To ensure the manufacturing yields higher than 90 % . the standard deviations of random thickness for
the two designs do not exceed 1.20% and 1.35% , respectively.

thin-film optics; thin-film polarizer design; needle method; tolerance analysis
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Table 1 The parameters of the designs A and B at polarization regions
Wavelength /nm R,/ % R./% T,/T. R,/ % R./% T,/T.
1040 1. 38 99. 95 1972
Design A 1053 0.13 99. 84 624 0.19 99. 82 555
1063 0.004 99. 55 222
1040 1. 68 99. 90 983
Design B 1053 0.11 99.73 370 0. 30 99.76 415
1063 0.16 99. 501 200
2 1053 nm ZLJBER A B Y AR EE R
Table 2 Angle characteristics of the designs A and B at 1053 nm
Angle 6,/(* 53 54 55 56 57 58 59 60
Tl,/% 98. 76 99. 93 99. 93 99. 87 99. 95 99. 99 99. 69 98. 87
Design A T./% 0.09 0.11 0.13 0.16 0. 20 0.24 0. 30 0. 38
T,/T, 1097 908 769 624 500 417 332 260
T,/% 98.08 99. 77 99. 98 99. 89 99. 90 99. 98 99. 96 99. 61
Design B T./% 0.17 0.19 0.23 0.27 0.32 0.39 0.47 0.58
T,/T. 577 525 43 370 312 256 213 172
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Table 3 Polarization region and bandwidth of A and B at different incident angle

Angle 6, /() 53 54 55

56 57 58 59 60

Polarization

1052~1070 1048~1068 1044~1066 1040~1063 1035~1061 1032~1059 1028~1057 1024~1055

. region /nm
Design A L
Polarization

bandwidth /nm

18 20 22

23 26 27 29 31

Polarization

1053~1066 1049~1064 1044~1062 1040~1060 1036~1057 1031~1055 1027~1053

. region /nm
Design B o
Polarization

bandwidth /nm

13 15 18

20 21 24 26

g5 BT &L AT DLAT: 3545 58 1Y) B2
FEUf - BT A B4 B 0 24 M BB R 1 S A i M52 L
HRE R IEANIE — o DTS R R A R R 1 40 B 45 AR ok
BLOER A M SMAEEAMREE TR B, R, %
25 0 TR 2R 5 T S B o 5 15 380 1 ST R Al i L OOk
SRR A SIS A A iR 2. a0,
il £ 2ok A v AT B S B A AT S 8 58 25 2 R ) 3] i i
FR T T o T B 1) 127 5 P 05R 2 0 2 S B0 o0 DK 1
B TR VR 158 25 A T 4 T RS i 2 BB 1) O T R
. I, FEE 1k d5 A 0 I &R IR AN — 5 7E S B il
G EA RAER G ERE . BT SE PR A A
I BE% BsF T SR FH 9 58 A e 0 1 0 R R (4 B 1R
BB R R ) CRR R & T E M BUE MYy
S BRI AR AN B JEE 15 25 E A 5 i i i FE 1 g
M F BRI . S TR AL S 15 B 0 B R AR 1
S AR R 1 o DRI A 52 B o) A A AR v EOR AT
B V1 Wi v %o 4% R BB TR B AT SR W . FEAS
R )2 R PR i 2 2 S i) W 4 O 3R A )2 ) S B
JERRKAR A de = di +oiD, Hp d 155k 2R
YOI Ik B 1 B A S o0 AR 72 B JEE 158 25 (W A M 22 . D
SRS BEILE (E R 0, 7 28 D, el
Sehth b ST A HUBERURR P L I A 52 4 R i s
3 A R JRE 15 2 o) MR 2R ' i M B 1 R g L R R ) R
JEAS 2%, AR AL 4 v AN [i) B JEE A o Al 22 X6 7 FF) S it
F B 10000 YO YR A Fl B AFTE [F] — IR E 5
W 25 o = 120 F s G 3 199 80 3 0 L 25 BRLARL , 43 J3l)
29k 96 Yo 1 98 V6, T B A J5E JEE 1R 25 11 38 L R E R
(18 o8 i 56 2 S O ok B R, 2R B A DR IE S B o]
B IS R IR A T 90 % L R A FI B i KA
VIR AR AR 22 40 9 1. 20 % #1 1. 35% ., Hy ikl
UL BRI R A L B A& B AR G I8 O % AR
AR AR e X PERE A 2 i ) L B R B Y 3K
LA G IR WG A RR A 2R IR B

i
op
4
i:}
=
R

L s design A
X 1000 a . - design B
g % T
% [ A
= -
o0 A
.g 90 L
0 .
g u -
5
E 80 -

08 1.0 12 14 16
Standard deviation of random
thickness o, /%

Bl 4 JREJEEAR T D 22 0T 5 28 119 5 i)
Fig. 4 Influence of standard deviation of random

thickness on manufacturing yield

4 WY

XF T IR A3AXFH SR A Sy 253 e 41 45 £ ] 1 - Al
s 4 BT o LA L T A T R O A A T
SR BIAT . SR 45 2K A = D R RO Bk E
D0 i B30 107 EL A v O A0 1 MR . DA il a7 B
WK E AR e B A HOC B TEAE S p s BHE
WS R A O, G, S TR R BLA
(R EE R BT I I 2 2 15 A B T O IR R
JEAR 5 1 RE T A7 0 B R AR G I B S
o3 A A L HEAT TS . MBS ] DUE H , 3F B R
RAMBE s L mIEHBACREE TIRERE
(A3 AT Rl oA 13 (L AIK F) 43 J2 2 400 e B L 30D
E T 00— A 37 5 1 S5 RABLATY Ak T v A 5 R 2
P, 2 3R 3) T 0,66 F1 0. 65, K L SE bR I AS ] F
PG B R FEAR . X T p ot 58 40 A W) 5E 28 A~
JEE R B IR 26, HAE 2 N B K37 8 R A Ak T 8 4 5
RIE .20 0.83 F1 0. 82, Z Fr LAAE 45 J2 S 1w ik
BT RAR L EH R p G TE B A G A A AN SR
QR Z58 ] T8 48 37 58 0 A SR AGIESS) . M |
REERAKF A VAN BRECP AU p SEAT s SG I RS



2 3 PRTIWAE . T 413 00 A O I B 3 595

A A A RS S B R C HA RO
FHERE AL o A oK AR . R R — B BE
I 508 32 B2 4R A Qe 8 I 9% 06 L 3 0 A 9 5R T 5 |

1.5
a
1.2 it
[p polarization
0.9 /- -I-H

MMM n ' N

=
>
—
—=
Py

Normalized electric field
intensity (a.u.)

0.3 [s polarization -4
. Y I
1 5 9 13 17 21 25 29
2 6 10 14 18 22 26 30

Layer number

AR B8R FF T Bk D0 A £ A K B N 3R 33
9 W EL % AR AT 55 30 )2 o DT 412 8 ~F- i i i 158 7K 32
1 R POE R fE

157
= i
%,_\ = [p polarizationj
Es y
§5’ 0.9 Jaony
ég o r/\ MMM N
=3 L
‘g g 0.3 f [s polarizatior
2 0 V M f f /\lf‘éﬁ\/‘\,-\,

1 5 9 13 17 21 25
2 6 10 14 18 22 26

Layer number

B5 &R ACa) R BCb) A ¥ L 3 43 A
Fig. 5 Electric field distributions of the designs A (a) and B (b)

5 5 e

FEHE SR A S B EE VS B TR 1 P ook B3 ik X
FR T b AR BT 0 SRR, BRI Oh ) 4R S AR L i
A E T P K 1053 nm &b p SR G RN T
2% s FERHF R KT 99. 5%, H B KT 200 1)
ST O I YT R L R R R R 2 R A b
S5 R RW] A i/ PRAR ) 16 SR S B0 T L A5 R] AR
FHER R A E AR o AT 3005 8 1 B2 FE S ) R 254
B 8 — R RE I B FHLE A T 55 Br il £ 1957 #i
i B B

& F X M

1L. J. Waxer, D. N. Maywar, J. H. Kelly ez al.. High-energy
petawart capability for the OMEGA laser[J]. Optics Photonics
News, 2005, 16(7): 30~36

2 L. Songer. The design and fabrication of a thin film polarizer[J].
Optical Spectra, 1978, 12: 45~50

3 W. W. Buchman, S. J. Holmes, F. J. Woodberry. Single-
wavelength thin film polarizers[J]. J. Opc. Soc. Am., 1971,
61(12): 1604~1606

4 D. Blanc, P. H. Lissberger, A. Roy. The design and optical
measurement of thin film polarizers[J]. Thin Solid Films, 1979,
57(1): 191~198

5C. J. Stolz. Brewster's angle thin film plate polarizer design
study from an electric field perspective [ C]. SPIE, 1999,
3738. 347~353

6 U. B. Schllenberg, N. Kaiser. Damage-resistant thin-film plate
polarizer [C]. SPIE, 1997, 2966 243~249

7 Fan Zhengxiu, Fan Ruiying, Lu Yuemei. Preparation of hard film
polarizer with wide frequency-band near 1.06 pm [J]1. Chinese J.
Infrared Research, 1982, 1(2): 121~130

8 Kong Mingdong, Li Ruijie. Optimization design of thin-film plate
polarizer with symmetrical multilayer[J]. High Power Laser and
Particle Beams, 2000, 12(1): 61~64
FUIIAR 2 gm0 . 62 P Bt B 3 't B2 % A st R i A Ak e LT .
Bk EF R, 2000, 12(1): 61~64

9 X. Y. Fu, K. Yi, J. D. Shao et al.. Wideband film polarizer

design [J]. Chin. Opt. Lett., 2008, 6(7): 544~546

10 S. A. Furman, A. V. Tikhonravov. Basics of Optics of Multilayer
Systems[ M]. Gif-sur-Yvette Cedex: Editions Frontieres, 1992.
92~103

11 A. V. Tikhonravov, M. K. Trubetskov. G. W. DeBell.
Application of the needle optimization technique to the design of
optical coatings[J]. Appl. Opt. . 1996, 35(28): 5493~5508

12 A. V. Tikhonravov, M. K. Trubetskov, V. V. Protopopov et
al.. Application of the needle optimization technique to the design
of X-ray mirrors[ C]. SPIE, 1999, 3738. 248~254

13 A. V. Tikhonravov, M. K. Trubetskov. Design of coatings for
wide angular range applications[ C]. SPIE, 1997, 3133. 16~20

14 A. V. Tikhonravov. Needle optimization technique: the history
and the future[C]. SPIE, 1997, 3133, 2~7

15 A. V. Tikhonravov, M. K. Trubetskov. Development of the
needle optimization technique and new features of “OptiLayer”
design software[C]. SPIE, 1994, 2253 10~20

16 Yang Kaiyong, Long Xingwu, Huang Yun e al.. Application of
virtual layer in the needle coating design[J]. Laser Journal,
2006, 27(5): 35~36
BIT S XN & 5. “BARJRVTE Needle B R it 1Y
REALT]. k% &, 2006, 27(5): 35~36

17 Yang Kaiyong, Long Xingwu. Design of high-precision, large-
angle incident, nonpolarization anti-reflection coatings [ J ].
Chinese J. Lasers, 2002, A29(8): 703~706
P FE T, e 26 A D 4 R A 8 v R S W S R LT ] P B s
&, 2002, A29(8): 703~706

18 Zhou Jian, Lin Yongchang. A new method of optical coatings
design—needle method[ J]. Acta Optica Sinica, 1997, 17(10):
1445~1449
JA MOk B . — BT I R B3 )%k —NEEDLE & [J]. &%
F IR, 1997, 17(10); 1445~1449

19 Lin Yongchang. Lu Weigiang. The Principles of Optical Film[ M].
Beijing: National Defense Industry Press.1990. 339~347
MoK B gk, SEeE B E R M. de . B P Tl R A,
1990. 339~347

20 Bi Jun, Huang Jianbing., Zhan Meiqiong e al.. Laser-induced
damage of flat polarizer prepared by electron beam evaporation
[J]. Chinese J. Lasers, 2006, 33(6): 837~841
LN gt NUE S S MR g F R R EE S i
Vit FgE]. F Bk, 2006, 33(6): 837~841

21 P. F. Gu, J. F. Tang. Design and preparation of polarizers used
in high power laser systems[ C]. SPIE, 1989, 1158 351~356



596 ot 2

¥ 50 %

22 J. H. Apfel. Optical coating design with reduced electric field
intensity[J]. Appl. Opt. . 1977, 16(7); 1880~1885

23 0. Arnon, P. Baumeister. Electric field distribution and the
reduction of laser damage in multilayers[J]. Appl. Opt., 1980,
19(11): 1853~1855

24 F. Y. Genin, C. J. Stolz, T. Reitter e al.. Effect of electric
field distribution on the morphologies of laser-induced damage in
hafnia-silica multilayer  polarizers [ C ]. SPIE., 1999,
2966 342~352

25 Qi Yu, Zheng Qi. The calculation method of space electric-field

distribution in resistance layer multilayers [ J ]. Optical
Mechanism, 1991, 5. 21~29
FF R B PUBOGHERE TS g o A i e i r kLT R
FHAH, 1991, 5. 21~29

26 Cui Yun, Zhao Yuan' an, Jin Yunxia e al.. Laser damage
characteristic of third harmonic separator at 1064 nm[J]. Acta
Optica Sinica, 2007, 27(6) . 1129~1134
OB BTE B % S OEEAE 1064 nm Y % BE 4
PERFFELT]. 554, 2007, 27(6): 1129~1134



